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Preface 


77-63 was designed to be a low cost system with which the constructor 
could learn асоит microcomputing by direct experience. The board can then 
be expanded, wichout restriction, to the limit of the 6800 microprocessor's 
potential. Throucaout the following months, additional items will be made 
available e.g. memory cards, Kansas City interface, RS 232C interface, 
Monitoring ROM's. ne User Group will hold all the latest information and 


it is expected to play a major role in the development of this system. 


if difficulty is experienced in obtaining any parts or in commissioning 


_the microcomputer, do not hesitate to contact the "BEAR" or the User Group. 


The instruction set is reproduced by kind permission ot Motorola Ltd. 


BEAR MICROCOMPUTER SYSTEMS 


JUNE 1977 


2nd. Reprint. 


Included in this edition are the details of the two 


avaiable extentions to 77-68;- the 4Kbytes RAM p.c.b. 


and the Soft Monitor V24/R232C interface p.c.b. 

Within the next few weeks a ROM monitor p.c.b. and a 
V.D.U./Keyboard p.c.b. will become available, plus 
several more during 1978. You are recommended to the 
User Group Newsletters No. 1,2 and 3 which have already 


been published. 


NEWBEAR COMPUTING STORE 
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77-68 
Chapter >. imiroduction 


The 77-68 was cesigned as a cheap and simple way to buiid a working 
microcomputer which could be expanded at a later date, when the 


constructor's pocket and time permit. 


Althougn tne basic machine described here is limited in terms of 
memory (256 8 bit words) and input/Output devices (only binary 
Switcnes anc lamps are provided), it will give the user valuable 
experience of пе hardware anc software techniques associated with 


microprocessors, without committing him to a large initial outlay. 


Even in its simplest form, the 77-68 can be used to execute real 
programs. Mathematical routines can be run, simple computer games 
played, aad che machine can be а controlier/sequencer for household 


devices, simple production 10015, or even a modei train layout. 
р — 


The basic 77-68 can be built for about £50, or less if the constructor 
has a reasonably deep junk box, and the only additional equipment 
needed is a source of +5V DC power. By using toggle switches and 
LED's as cucimentary input/output devices, the 77-68 user does not 
need to invest in a teleprinter or VDU before he can get started - 


although these and other ennancements can be added to the system later. 


Care has been taken іп the design to ensure that the machine can be 
expanded easily to have a capability close to that of any 8 bit 
microprocessor currently available. For example, the 6800 MPU chip 
has been cnosen as the heart of the 77-68, rather than one of the 
simpler, siower and slightly cheaper types which would limit the 
power of an enhanced machine. Also, provision is made for fully 
buffered TTL data and address busses for flexibility in adding other 


units to build up a large system. 


Finaliy, a word of warning. Although the 77-68 is relatively 
straigntforwara, it should not be attempted until the would-be 
constructor is familiar with the construction of TTL based logic 
circuits, and has some knowledge of microcomputer hardware and 


software. The following books are highly recommended as suitable 


background reading; 
‘An introduction To Microcomputers' Vols i & li by Adam Osborne. 
Published by Асап Osborne and Associates Inc., 2950 Seventh St., 
Berkekyl, California 95710, and distributed in Europe by SYBEX, 
Publications Dept, 313 Rue Lecourbe, 75015 Paris, FRANCE. 


or Bear Microcomputer Systems 


'M6800 Microcomputer System Designs Data', (or at least the M6800 data 


sheets) from Motorola. 


or Bear Microcomputer Systems 


Chapter 2 77-68 Characteristics 
Т. CPU 


The heart o? tne 77-68 is the '6800' eight bit microprocessor, readily 


available from Motoroia, AMI, and others. This features; 


* 72 instructions. 

* 7 Addressing modes (Direct, Relative, immediate, indexed, Extended, 
Implied and Accumulator). 

* 6 internal registers (two accumulators, index register, program 
counter, stack pointer and condition code register). 

* 8 bit parallel processing. 


* Single (5V) power supply. 


2. Memory 

The basic 77-68 card has 255 words of 8 bit static Random Access MOS 
Memory. However, all 16 of the 6800 address lines are buffered and 
brought out to the card connector, allowing the constructor to expand 
to the full 64K word capability of the 6800 CPU chip. 


3. CPU Cycle Time 
A quartz crystal controlled clock gives a basic CPU cycie time of 


1.6uS. This may be extended in increments of 0.2uS to a maximum of 


SuS to cater for siow external memory should the need arise. 


The time taken to execute an instruction depends upon the particular 


operation and the addressing mode used e.g.; 


Add Acc umu la tors; 2 cycles 3.2uS 
Load Accumulator; 2-5 cycles 3.2 8 u$ 
Branch; 4 cycles 6.5uS 


і. Input/Output 


Peripheral data and control registers are treated as memory locations, 
and can therefore be handled using the full 6800 instruction set. 


The basic 77-68 uses eight toggle switches as an input register for 
loading the user's program and for entering data during program 
execution, and eight LED's as a data display. Although this might be 


considered e rather primitive approach, it does give the constructor a 


minimum first cost' system and emphasises the essentially binary 
nature of microprocessors. More sophisticated peripherals, such as a 
keyboard, display 6 printer, can easily be added to the basic 


system. 


As well as the eight 'data' switches, eight 'address' switches allow the 
user to examine the contents of any of the 255 memory locations when 


the processor is haited. 
5, Construction 


The 77-68 is designed around the standard 8.0“ square printed circuit 
board with а 0.1" single sided edge connector. Suitable 'prototyping' 
boards are readiiy available, alternatively the constructor may use a 
specially designed board supplied by BMS. 


The basic machine comprises; 


- a single board containing the 6800 microprocessor chip, 255 words 
of memory, data input and output registers and miscelianeous control 
circuitry. 


- a simple control panel. 

- a source of 5VDC at about IA. 

6. Expandabiiity 

Enhancements being designed for the 77-68 include; 
- Memory extension 

- Tape cassette interface ('Kansas City' standard) 
- VDU and keyboard interfaces 


These will allow the constructor to build up a system capable of running 
much of the vast amount of software that is readily available to 6800 
based system users. 


Chapter 3 Hardware Description 
The Basic Machine 
Fig 1 shows а biock diagram of the basic 77-68. 1% comprises; 


- The 6800 Microprocessor Unit itself. This performs the actual 
machine ianguage instructions stored in the RAM, using data 


read from the RAM or the Data Switch Register. 


- A 256 word eight bit Random Access Memory used to store data and 
instructions. The particular word to be read from or written 
into is selected by the eight address lines AO - A7. The 6800 MPU 
actuaily has 16 address lines, providing an addressing range of 
216, or approximateiy 65000 words, however the high 8 lines A8 
to Al5 are not used by the basic 77-68. Also, the address 255 
(Hexadecimal FF) accesses the data switches and data display 
register as described below, thus the RAM is disabled when this 


address is selected. 


А 8 line, 2 way, data selector which allows the address bus 
lines AO to A7 to be driven either from the 6800 MPU or from 


the address switches. 


- An eight bit data input switch register. When the MPU selects 
address FF, a read operation will take information from these 


Switches, rather than from the RAM. 


- An eight bit output register, driving an eight bit 'data' display. 
An MPU write operation into location FF will load this register. 


- Miscellaneous clock and control logic. 


The HALT switch disables the MPU (after allowing it to compiete the 
current instruction) so that its TRI-STATE outputs go to the high 
impedance state. The address selector is then set so that lines AO - A7 
ere controlled by the address switches rather than by the MPU. At the 
same time, the data register input gates are opened so that the data 
dispiay shows wnatever information is on the data bus, and a read 
condition applied to the RAM. Thus the contents of any of the RAM 
locations can be examined by setting the appropriate address on the 


switches. 


When the LOAD switch is operated (while the machine is HALTed) the RAM 


is set to the write condition, and the contents of the data switch 
register gated onto the data bus to be written into memory at the 


location selected by the address switches. 


Thus, without involving the MPU, we can examine the contents of memory, 
or ioad new information into any location. 

When the RESET switch is operated, the MPU goes into an initialisation 
routine, then it reads the contents of location FF (tne data switch 
register) as the location at which to start program execution when the 
HALT condition is removed. So, having ioaded a program into memory, 
we can run it by simply setting the data switch register to the 
program starting address, momentarily operating the RESET switch, then 
removing the HALT condition. ‘if the HALT condition is removed without 
the RESET switch having been operated, the MPU wiil resume operation 
from the point at which it had been halted. 


The RUN lamp is lit whenever the 6800 MPU has control of the busses. 
Although the 6800 MPU does not have an explicit HALT instruction, WAI 
(Wait for interrupt) has roughly the same effect and, when operated, 


will extinguish the RUN iamp. 

Detailed Circuit Description 

In describing the hardware, tne following conventions are used; 
- 116 is high (any voitage between about +2 and +5V) 
- '0' is low (0 to 0.5М) 


- Abar ( ) over a signal name means that it is asserted low. 
For example, the line SWSEL goes low to select the switch 
inputs. Similariy, a circle (o) on a logic element input means 
that input is asserted low, e.g. X13 pin 40 is pulled iow 


(to 0) to reset the device. 


- Gate functions can, in general, be drawn in two ways; 
= J- 
and 

=> 


> 
D = 


The version which best represents the logic function being performed is 


used in the schematic. 


All inputs and outputs of the MOS devices (X13, 17 & 18) are protected 
against static electricity by being connected to some other device; a 
TTL device input or output will effectively clamp spikes greater than 
about +8V, or more negative than about -1V. Thus, although address 
lines A8 - Ai5 are not used by the basic 77-68, it is wise to include 
Xil, 12 gates from the beginning to protect the valuable 6800. 


X13, the 6800, is the heart of the machine. Its low order eight 
address lines AO - A7 are routed to the data selectors X8 5 9, which 
take either the 6800 outputs (ADSEL = 0) or the pattern set оп the 
address switches (ADSEL = 1) and apply the result to the RAM and to the 
connector for system expansion. As well as selecting the appropriate 
address source, X8 6 9 also buffer the rather low power outputs of the 
6800 to full TTL drive levels. The eight high order address outputs 

А8 - А15 of the 6800 are buffered by the OR gates X12 & XII, which 

also force A8 - Ai5 at the connector to i's when ADSEL is high. 


The data switch information is transferred onto the data bus when 
required by the Tri-State buffers X22, X23. The inputs of these buffers 
are high impedance when SWSEL is '1', otherwise they аге at 1 ог 0 
depending upon the setting of the data switches. (Note; for both the 
data and address switches, open circuit = 1, closed = 0). 74125's 


have been used for X22 & X23 as these are cheap and readily available. 


The data register (X20, 21) takes information from the 6800 data bus 
when RSEL is at i, and latches this information when RSEL falls to 0. 
The Low Speed Schottky version (741575) is used аз a normal 7475 would 
load the 6800 data bus too much, while a 74L75 would need additional 
buffering to drive the LED's. The Q outputs of X20, 21 are fully 
loaded driving the LED's, so the Q outputs are also taken to the card 


connector to drive any peripheral devices which may be added. 


DM81LS97 Octai Tri-State buffers Xi5, 16 may be added to buffer the data 
bus to fuil TTL drive capability when it is desired to expand the 
system, they are not required for the basic 77-68. 74125's cannot be 
used here as their inputs would load the 6800 data bus outputs too much. 


The memory uses two 256 x à RAM, the widely available 2112 devices being 
chosen. These memories are enabled when MCE is low, the contents of the 
selected location are read out onto the data bus when MRW is 1, when 

MRW is O the information present on the data bus wili be written into 


the selected location. 


Тһе 6800 MPU interrupt inputs NMI and IRQ are not used by the basic 77-68, 
but are brought to the card connector for future use, and held high by 
R13, 14 (these are ‘active low' inputs). 


Timing for the machine is derived from a 5 MHz crystal controlled 
oscillator. A cheaper RC oscillator using, say, a 7413 could have been 
used instead, but an accurate timing source is sufficiently valuable 

in some applications (e.g. a software routine to drive a serial 
teleprinter input) to make the slight extra expense worthwhile. 


The 5 MHz is divided by 8 in X2, giving a normal MPU cycle time of 1.6uS. 
This is a bit slower than the maximum operating speed of the M6800, 

but allows the use of cheap (low speed) memories, and also eases 

various timing problems that occur if one tries to squeeze the iast ounce 
of performance out of the MPU. The slight reduction in speed does not 


significantly гесисе the system capability. 


The MPU clock waveforms Øi and £2 and various other timing signals are 


derived as shown in Fig 2. Points worthy of note are; 


- DBE is high for most of the time. As this line gates the 6800 
outputs onto the bus during a Write operation, it allows the use 
of memories with a relatively long write time, and those which 
require that the data is present after their CE input goes high 
at the end of a write cycle. 


- The general enable line (E) goes to 0 after the end of 22, 


ensuring that the 6800 input data hoid time requirements are met 


even when using a fast memory. 


- A derived clock is used to synchronise the HALT and LOAD inputs 
(by X10) to ensure that they only change state at the correct 
time in the MPU cycle. 


- $2 can be extended by holding the HOLD input iow by external 


logic. Thís allows external slow core (or cheap EPROM) memory 


to be added to the system. The external logic must ensure that 
the 92 '1' time is not extended beyond the 4.5uS limit given 
in the M6800 specification. 


The RESET input from the switch is 'de-bounced' by the bistable made 
from two of X24 gates. 


When the HALT switch is thrown, X10 pin 5 goes iow, applying a HALT 
signal to the 6800. After completing the current instruction, the 
6800 will raise the 8A (Bus Available) iine to 1. Note that the BA 
line will also go to | after execution of the WAI instruction. 


ВА going to 1 turns off the RUN LED anc, if the HALT switch had been 
set, puts ADSEL to 1 which puts AO - A7 under control of the address 
switches and allows RSEL to go high (when the clock signal on X5 

pin à is high) so the data register continually monitors the state 
of the data bus. 


The E line carries a general purpose memory enable signal that goes 
high when the MPU clock Øl is low and а valid address is present on the 
address bus (Xi3 VMA output high or the HALT switch thrown). 


The '256SEL' card input is not used in the basic 77-68, but if pulled 
low de-selects the on-card 256 word RAM, allowing the use of an 
external memory. in the basic 77-68 this card input is left open, 


pulied high by the 430 ohm resistor. 
The MCE iine enables the 256 word RAM when iow. 


X7 detects the 'all ones' condition on the address lines AO - A7 
which is the data switch/register address. it then inhibits the КАМ 
and enables selection of the switch register (MRW high) or data 
register (МАМ low) via ХЗ, Х19 etc. 


The MRW line is normally high, and goes low for a write operation 
(into memory or the data register), including a LOAD. 


Chapter 4. Construction 6 Testing 

The component and connector numbering shown is that for the 77-68 CPU 
printed circuit board which is available as detailed elsewhere. The layout 
of the major components on this board is shown in Fig. 4. This board is 
8.0'' square with a gold plated 0,1" single sided edge connector. То cut 
costs a single sided board has been used thus some additional wiring is 
needed to complete the circuit. Nevertheless it forms the basis for a 
soundly constructed machine. The board has provision for fitting the 


optional data bus buffers X15,X16. 


Compatible 'prototyping' boards and edge connectors are available from 


VERO as; 


VB/10725/1 plug-in single sided 0.1" matrix board. 

12681 SRBP ) 

12682 EPOXY ) DIG plug-in boards 

13845/1 single sided plug in DIY board (undrilled, copper clad with edge 
connector contacts already etched) 

10859/4  solder-lug ) single-sided 0.1' edge connector socket (77 

13597/4  mini-wrap ) ways plus polarising key position) 

Also, the !MHOF-BEDCO MCV/5CX/100 'IMCARD' may be used, although this card 

is slightly smalier (7.9" wide x 7.5" long) and has only 75 edge contacts 

t) 


(plus polarising slo corresponding to positions 2 - 77 on the VERO boards. 
Should the constructor decide to 'wire his own', layout is not critical, 


except that the #1 6 $2 drive lines from X5 to X13 (via #17, 18) should be 


kept short, and power lines, es ally Ov (Ground) should be thick and 
laid out in the form of a mesh to minimise the impedance (and hence noise) 
between any two points in the circuit. Decoupling capacitors Ci - ci 


should be distributed evenly across the board, with one of the electrolytics 


being positioned close to X13, another near X20, 21. 


Whichever method is chosen, it is recommended that sockets be used for 
the MOS devices (X13, 17 $ 18). The 40 way socket used by X13 should be 


of reasonable quality, not requiring excessive insertion force. 
The wiring between the edge connector and the power supply and control 
panel are shown in Fig. 5. This figure also shows the basic 'Bus' 


connections from the CPU board to other boards (such as Memory, Cassette 
Interface, VDU control) 


which may be added later. 


Testing 
Most of the circuitry can be checked without the expensive X13, 17 or 
18. 


When the unit is fully assembled, but before plugging in X13, 17 5 18, 
check for any possible short-circuits between 0 and +5V inputs, and 

then apply power. None of the IC (except for X13, 17 & 18) consume much 
power, so any which feei more than slightly warm to the touch after a 


few minutes should be suspect. 


Testing the oscillator and $1, #2 generator is easy with a ‘scope of 
suitable bandwidth, but for those without, a moving coil voltmeter 
(greater than 10K / Voit resistance) should show; 


X13 pin 3 (81) approx. 1.8V 

bbe “37 (22) " 2.5\ 

" " 36 (DBE) about 2.5 - 3.5V, and the measured voltage should 
rise by about 0.5V or fall to OV (depending upon 
the state of the divider X2) when the oscillator is 
stopped by shorting Xl pin 6 to OV (pin 7). 


Edge connector pins 9 (5MHz) and 10 (CLK) should be about 1.5У, 
as should X10 pins 3 & 11 and X4 pins 4 & 5. These points should 
go to either '1' (about 3V) or '0' (about O.1V) if the 
Oscillator is stopped. 


Check the HOLD input (pin 8) by earthing it and noting that X13 pin 37 
(£2) goes to +5V. 
X13 pin 40 (RESET) should be at '1', falling to '0' when the RESET 


Switch is thrown. 


The RUN LED should be out, but should light when pin 7 (BA) of X13 


is temporarily connected to OV. 


X13 pin 2 (HALT) should be '1', falling to '0' when the HALT switch is 
set. 


With X13, i7 & 18 still missing, set all address and data switches to 
"0" and switch to HALT. А11 data LED's should be on. Turn the 
address switches in turn to 'i'. Only when they are all at '1' should 


the data LED go out (because the address FF of the switch register has 


been selected). Leaving the address set to FF check that each data LED 


can be turned on and off by the corresponding data switch. 


With the HALT switch in the RUN position, check that, regardless of the 
address switch settings, operation of the LOAD switch transfers the 
setting of the data switches to the LED's. With the LOAD switch 
unoperated the display should remain unaffected by any alteration of 


the data switch settings. 


Now, plug in one of the 2112 memories (X17) (the right way round!), turn 


the power back on and switch to HALT. 


You should now be able to store any pattern of bits 4 - 7 in any 
address (00 - FE) by; 


- setting the data pattern and address on the switches and then 


operating the LOAD switch. 


The stored pattern is read by setting the appropriate address on the 
switches (with the switch set to HALT). 


For example; 
set data 00, address 00, press LOAD 


т п 10 и 01 “ 11 
Ш) u 20 " 02 11 пи 
"u 11 30 и 03 п LED 


Then check that;: 


setting address to 00 displays 00 
“ " M 02 и 20 


etc. 


If this seems to be working, plug in the other memory (X18) and check 


that you can write into and read out of the low four bits as well. 


Before proceeding, it is worthwhile spending half an hour or so 
practicing writing into and reading different memory locations and 
converting between hexadecimai notation and the switch settings. (Note 
that address FF is the switch/register, and the memory is inhibited at 


this address). 


Next, carefully test the voltages on X13 socket pins (don't accidentally 
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short two pins together when doing this!); 


pins 1, 21 & 39 are at OV 

pins 4, 6 & 8 are at +5V 

other pins wili be at various voltages but none should be higher 
than +4V. 


REMOVE ALL POWER FROM THE BOARD. 


PLUG IN X13 VERY CAREFULLY - exerting an even pressure on all 40 pins, 
making sure that it goes into the socket straight, watching for signs 
of any leads bending under the ІС body. The ceramic package version in 


particular is rather prone to cracking if an uneven stress is applied. 


CHECK THAT ІТ iS THE RIGHT WAY ROUND. 


If the machine has been hand wired, rather than built on а PC board, 
check that plugging in X13 has not disturbed any wires causing possible 


short circuits. 

Make sure the supply is the correct voltage and polarity, then reconnect 
it. 

With the switch in the HALT position, check that you can still load and 
read memory as tested previously. 


Then check that pressing the RESET button lights the RUN LED. 


Now for the first program. Load the following; 


mem loc -data instruction 
START: 00 7C INC FFFF (switch/register) 
01 FF 
02 FF 
03 20 BR START 
05 FB 


This program reads the contents of location FFFF (the switch register), 
adds one, then stores the result in location FFFF (the data display 
register). іс then branches back to the beginning and repeats for ever. 


Having loaded and checked the program, set the data switches to the 
start address (00), momentarily depress the RESET button, then switch 
to RUN. The RUN LED should light and the data display show OL (switch 
register + 1). Check that whatever the setting of the switch register 
the display is always one greater. Also check that operation of the 
HALT switch turns off the RUN LED, and that the machine starts again 
when the HALT condition is removed. 


By changing the instruction stored at location 00, the program can 


perform other functions; 


loc 00 instr display 
7F CLR 00 
73 сом One's complement (inverse) of sw reg 
70 NEG Two's complement (negative) of sw reg 
7A DEC Sw reg minus one 
73 ROL Sw reg rotated left one position (80 will be 
set according to what was in the C bit) 
76 ROR Sw reg rotated right one position (B7 will be 
set according to what was in the C bit) 
78 ASL Sw reg shifted left one position (BO set to '0') 
77 ASR Sw reg shifted right one position, except for 
B7 which remains the same 
74 LSR Sw reg shifted right one position, B7 set to 
TL 
70 TST Sw reg unchanged 
Notes; 


Each time the ROL instruction is performed during the program, the C bit 
will be set according to 87 of the switch reg, and in the next operation 
this will be set into BO of the display. 80 of the display will 
therefore equal B7 of the Switch reg. 
Similarly, when using this program with the ROR instruction, the C bit, 
зга nence 87 of the display, will equal BO of the Sw reg. 
The TST instruction as implemented on the 6800 actually reads from the 

t 


addressed location, then stores the data, unaltered, back іп the same 


location. Thus in this program it transfers the contents of the switc 


reg into the display reg. 
Further test programs are given in the following section, but take 
heart, having got this far the machine is now basically working. 
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Chapter 5. Programming 

For a detailed knowledge of the 77-68 instruction set, the constructor 
should refer to a publication such as the Motorola M6800 Microprocessor 
Programming Manual or Desig Note 4, however this chapter gives a summary 
of the mcre important features, illustrated by programs which will run 
on the 77-68. 


Programming Model 

From the programmer's point of view, the 77-68 consists of; 

- Two eight bit accumulators; A & B 

- An eight bit 'Condition Code' register 

- A 16 bit Program Counter 

- A 16 bit Index Register 

- 255 (decimai) 8 bit words of random access memory (addresses 00 to FE) 
- An 8 bit write-only display register at address FF 

- An 8 bit read-oniy input switch register at address FF 


Notation 


The programs in this book are written in Motorola 6800 Assembly Language. 
Mnemonic codes are used to represent the instructions, and the actual 


machine code is also given, in hexadecimal format (see Appendix 1). 


To save space, each line contains a complete instruction, whether it 
consists of one, two or three bytes. Thus in the '77-68 FLASHER 
Version 1! example, address 06 contains machine code 20, and machine code 


F8 is stored in address 07. 


Addressing Modes 


The 6800 (and hence the 77-68) has seven addressing modes; 


Accumulator Addressing; 

Gai ci AUi és d 

One byte, single operand instructions which operate on either of the 
accumulators e.g. INC А DEC B 

Inherent Addressing; 

ан а ааа ны Е. 

Опе byte instructions which imply the use of опе or more of the 6800 


registers e.g. INX ABA 
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Immediate Addressing; 
Two or three byte instructions in which the second (and third) byte of 
the instruction is data. In writing Assembly Language, a # sign is 
written before the data to distinguish it from an address e.g. 

ADD A # 02 adds the value 2 to accumulator A 

LDX # ABCD loads the (hex) value ABCD into the index reg. 


Direct Addressing; 


These are two byte instructions in which the second byte contains the 
address of the operand (which must lie in the range 0 - 255 (decimal) 
00 - FF hex), and are written in the form; 


ОР N where N is a number or symbol 


e.g. ADD A 27 adds the contents of location 27 to acc. A 
ADD A iTEM adds the contents of location ITEM to acc. A 


Extended Addressing; 


These are three byte instructions which contain full 16 bit address (in 
the range 0 to FFFF hex) in the second and third bytes. The second 

byte of the instruction contains the most significant 8 bits of the 
address and is ignored by the basic 77-68 (which oniy examines the eight 
least significant address bits) 


Relative Addressing; 


Branch instructions are all two bytes long, where the second byte contains 
an offset value which specifies the branch destination address according 
to the formula 

D=PC + 2 + К 


Where 0 = address of destination 
PC = address of first byte of branch instruction 
R = 8 bit, two's complement, binary number stored in the second 


byte of the instruction. 


When writing branch instructions in assembly code, the address is given 
as a label which points to the required destination. Thus, in the 


Flasher, Version 1! program; 


Address Machine Code Assembly Language Mnemonics 
00 START -- 


06 20 F8 BRA START 


Indexed Addressing; 


These are two byte instructions in which the address of the operand is 
obtained by adding the (8 bit) value in the second byte of the 
instruction to the (16 bit) contents of the index register. Note that, 
unlike the branch instructions, the second byte of the instruction is 
treated as a positive unsigned integer in the range O to 255 (decimal). 
This addressing mode is identified in assembly language by the addition 
of ',X' at the end of the instruction, e.g. ADD A |I TEM, X 


77-68 Flashers 


These three programs generate a changing pattern on the display, useful 
to amuse the children, impress the neighbours, or as a quick check that 
the system is working. 


The main probiem is to slow things down so that the pattern changes are 
visible. Versions 1 & 2 use the index register as a 16 bit counter; the 
program only gets beyond the 'BNE START' instruction when the index register 
steps to zero - every 65000 loops. Version 3 uses three nested loops; the 
inner loop increments accumulator A until it overflows and passes through 
zero, the second (middle) loop increments accumulator B once every 2.4mS 
until B equals the setting on the switch register. (Don't forget that 

when starting this program the switch register should be set to zero while 
the RESET switch is operated). The third, outermost, loop increments 


the index register every so often and displays the least significant 8 
bits. 


Tone Generator 


This program generates an audio tone at a frequency determined by the 


setting of the switch register. To use it, connect bit 7 output of the 


display register (connector pin 61) to an audio amplifier via a volume 


Ок 
һе АМР 


The basic frequency is determined by the first three instructions, and 


control; Ж 


the (square) waveform generated by incrementing the contents of 
accumulator B (hence changing the state of bit 7) after each timing 


period. 


Taking the audio signal from other outputs of the display register will 
give a tone one or more octaves lower - for a given setting of the 
display register. 


Tuner 


Having made 77-68 generate tones, the next step must be to get it to 
play a tune! To do this we need to be able to store in memory details of 
the notes, the order and durations for which they are played (and the 


durations of the spaces between the notes). 


In the program Tuner, the tune to be played is stored as a string of 
pairs of (8 bit) bytes in sequential locations, starting at location 
'TUNE' (store address 40 hex). Each data byte is interpreted as ап 
unsigned binary integer in the range 0 to 255 (decimal). 


The first byte of the string, and subsequent bytes stored in even 
numbered locations, defines the length of the note or silence. A zero 


value indicates the end of the tune. 


The second byte, and all those stored at odd numbered addresses, define 
the frequency according to the following table; 
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Value of byte Note | Value of byte Note 
(Hex) (Hex) 

92 Silence 64 C 
27 E 6A B 
2c D | 77 А 
31 C | 86 G 
34 8 і 97 F 
38 A | Аб Е 
42 G | B4 D 
4B F | СА с 
51 Е | 06 B 
59 D | Fg A 


he first instruction of the program loads the index register with the 
ddress of the store location two bytes before the beginning of the 
tune' string, the two subsequent INX instructions increment the index 
egister so that at instruction 'LDA А , , the index register is 
ointing at location 'TUNE'. (This may seem a roundabout way to do 


hings, but it simplifies later parts of the program). 


ОА А 0,Х loads the A accumulator with the value stored at the address 
Index Reg Contents + 2' i.e. the location TUNE. This is the duration 
f the first note (or silence), and if it has zero value, the program 
ranches back to START to begin the tune again. The duration value is 
hen stored in the temporary storage location TIME, and accumulator A 
leared. 


ОА В I, x loads the B accumulator with the value stored at the address 
Index Reg Contents + |" i.e. the iocation TUNE + 1. This is the 
requency of the note (branch to routine QUIET if the value is zero). 
he sequence INS, STS FE changes the state of bit 7 of the display 
egister (beginning of one half-cycle of output). 


he routine CYCLE is then entered. This decrements two counters; 
a 16 bit counter using accumulator A as the least significant eight 
bits and temporary location TIME as the eight most significant. When 
this counter reaches zero the program branches to NUNOTE where the index 
register is incremented by two to point to the next pair of bytes in 


the 'tune' list, and the next note (or period of silence) started. 
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- an eight bit counter using accumulator B which defines the length of 
опе half-cycle of output. When accumulator B reaches zero the program 
branches to NUCYCL to reload accumulator B and change the state of bit 7 


of the display register, thus starting the next half-cycle of output. 


Routine QUIET merely decrements the 16 bit counter (accumulator A and 
location TIME) untii the end of the period, without changing the state of 
bit 7 of the display register. The NOP instructions are fillers to make 


the routine cycle time similar to that of the routine CYCLE. 


Constructors who have got this far might like to try the tune listed below; 


Location Values Location Values 

MSB 158 ae ый 
40 20 42 70 20 4B 
42 20 51 72 20 59 
44 60 00 7% 60 00 
46 20 51 76 20 38 
48 20 4B 78 20 34 
4A 20 42 7A 20 38 
4c 20 27 70 20 3i 
hE 20 00 7E 20 42 
50 20 27 80 60 00 
52 20 00 82 20 42 
54 58 31 84 20 4B 
56 08 00 86 20 51 
58 20 42 88 20 59 
5А 20 51 8A 20 3B 
50 60 00 8с 20 00 
5E 20 51 ЗЕ 20 64 
60 20 4B 90 20 6A 
62 20 51 92 20 42 
64 20 42 94 20 00 
66 20 00 96 20 42 
68 20 42 98 FF 64 
6A 20 00 ЗА FF 00 
6с 58 4B 9C 00 00 
6E 08 00 


Notes; data & addresses given in hexadecimal. 


MSB = data stored at even numbered location e.g. 40 


LSB = data stored at odd numbered location e.g. 41 
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- BEAR MICROCOMPUTER SYSTEMS 
А S 24 College Road, Maidenhead, Berks, 516 6ВМ 


HEXADECIMAL CODING FORM 


PROGRAM 77-69 FLASHERS) VERSION | AUTHOR vz [DATE /%-5-7» |PAGE /0F7 


RSION 2. DISPLAY COUNTS UP IW &/vARY 


9,9 START: | inx ______| Аррвох 1 secowo | 
[, фа вує, , | | | | вм зат || регу E 
зо i | | мА |) тшм cement Acc A 
фиалка | lsm я кє |) я oaar азот 
Г. georg] | вав 57967 | Axo лол (Awo AGAw--) | 
DON aia эсе ы eee Sey 


ee 
|. |... 1, | ___| |мле; ту раса, йога ат, 
—— — 
. 


a PLA 
еи YE STEER 
Heel шо оа 
LAS --- A A TRY ComBINATIONS 5 оғ реса, | DECA 

201. —— . — DAA NH 

27 Mo | STAR РЕ | — 
BRA START | 

YERSION ag PEED COUNT - СО, OLLED BY Sw PEG. 
МЕ |до? jo МЕ сам DISPLAY NANE) | 

жығы--- 


бек 
2 В = sum еге! 
фла віз. .| Ss BNE poor [мт WAIT ANOTHER 2-а 5 
и Е" ло GETS FED 
[уф Аргу, ____ J wr Low $ ers оғ mosx REG | 
Re ere теней 


BEAR MICROCOMPUTER SYSTEMS 
24 College Road, Maidenhead, Berks, 516 6BN 


HEXADECIMAL CODING FORM 


TONE 
PROGRAM GENERATOR VERS | ON 1 AUTHOR pay [DATE 2322-5-73 [PAGE І ОР] 
ADDRESS | MACHINE CODE OPERATOR & OPERAND COMMENTS 


фе, | [cmo a ге SL sw ree serre (FF) | 
|. daslae,rB, .| | вме стает |, 


CC | ANGE STATE OF DATA REG 
Ферт | | sme ве | віт 7 
galer, | ____- сел Ñ Aaw rowo двлім 1 

SIE. | BRA smer || 1 
NF pcne Cae ] 
— . —.— = 
mr FFF SEES 

PPP E 
г ELE 

Beers Р 

Беј = 3. 
Тн ЕРЕН БЕКЕ Пе перакат 
ке кус он татын 
за NR NET жем йл лы QUIETEM ик танық 
жн (PRES нн Lupe Re qu E VITIO ED NE 
FFP | 
FCC | 
CFP 
et Pe ee eek 
FCC 
ЖАЛА e eos 


BEAR MICROCOMPUTER SYSTEMS 
24 College Road, Maidenhead, Berks, SL6 6BN 


HEXADECIMAL CODING FORM 


ADDRESS | MACHINE CODE LABEL OPERATOR & OPERAND COMMENTS 


ТИЛЕК 
UNO TI імх POINT /мрех REG AT MEAT = 
MM NT || ‘wore’ Pain оғ Byres. | 
Бе g. * ST мота DURATION. 0 
EFIE START. Evo оғ Taws? č č č 
Ф9|92,31 анаа жЕ DUARTION їм "Тита! _ 
| феје ба, ‚| ; GET FREGUEMCY _____ 
|, фејг ли ,| [ва 6 QUIET IF ғыс = Ф 
193.1, ,_ ЛЕ O66 7 7 OF рата 
NT ЕЕ DE OP REGISTER У и 
ал. у, | се | DECA 
26:45. , | _____|вмЕ beg || 1 


ТІР" УСПЕН?” ЖЕН u r ж 
м — 
— lara инее ML яю о 


| 
1 of | ILLE - маке Ques’ | 
| 2342... | [мор || Timme repaos радиле 
12142. . : . [асус | wor | ть tome ‘сук, 
| mop 


22.7124 | BEG 2 ЕМО oF sugNucg ? 
] BRA в CYCL m] 
2.1 | TEMP STORAGE FoR Tw БУТЕ 


тумб! UST STARTS МЕРЕ 
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Chapter 6 Extending the system 
Enhancements planned by GMS for the basic 77-68 system include; 


additional memory. 
- tape cassette interface. 


7 VDU and keyboard interface. 


However, спе foilowing notes are offered as guidance to the experimenter 
who wishes to design his own circuitry, or interface the 77-68 CPU board 
to other computer parts. 


77-68 8us 
This is in three main parts; 


1. A bidirectional data bus (pins 38-45) which carries data and 
instructions between the CPU board and memory or peripneral devices. The 
optional buffers X15 and X16 convert the low power outputs of the 6800 

to normal three-state TTL levels. 


A maximum of 10 standard TTL inputs can be driven by the bus, or 44 low 
power Schottky TTL inputs. Data from external memory or peripherals 
should be put оп to the bus via a three-state buffer (04811897 or similar), 


suitably controlled so that no more than one buffer is trying to drive the 


bus at any time! 


DM 88.597 . 


РУ 741.5 : or 
A SIMILAR 
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2. А unidirectional i6 line address bus (pins 21 - 26) with а maximum 


drive capability of 9 standard TTL gate inputs (or 40 low power schottky). 
3. Miscellaneous timing and bus control signals (pins à - 12); 


- R/W is a signal from the CPU card which controis the direction of trans- 
mission on the data bus. When it is at logical 1 (read) information should 
flow to the 6800 from memory or peripherals. When at logical O (write), 
data is being sent from the CPU and therefore no other part of the system 
should be trying to put information onto the bus. 


- When extra memory (or peripherals) are added to the basic system, suitable 
address decoding circuitry should be included to discriminate between 
those addresses which refer to the external memory (or peripheral) and 
those which refer to the memory and data register/display on the CPU 
board. This external address decoding circuitry should pull the '256SEL' 
line to 0 (iow) with a three-state or open coliector gate output whenever 


external memory is selected by the address bus. 


- The 'E' output from the CPU board goes to logical 1 when there is a valid 


address on the address bus lines. 


- The HOLD input to the CPU card should normally be high as when pulled 
low (by the output of a three-state or open collector gate) it will hold 
the 6800 clock driver in the '22 high' state. This allows the use of 
slow external memory, however care should be taken to ensure that the 
92 high' state is not extended beyond the h. Sus specification limit for 
the 6800. 


- 'SMHz' and 'CLK' outputs are provided to drive external circuitry (for 
example that which may be incorporated to extend the 02 time). Note 
that 'CLK' is equivalent to 92 and thus goes to 'l' about 200nS later 
than E. |t also changes from '1' to '0' siightly earlier than E and is 
therefore useful for gating information from the data bus into externai 


memory or peripheral control registers. 


CLK 
200ms APPROX. 25ms 
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- "ТВО! and Mi are the 6800 interrupt inputs and are normally at +5V. 
For details of their use, the constructor should refer to the 6800 


data sheets. 


Critical bus timing which should be examined when designing external memory 
or peripheral circuits are given in Fig. 3. The times shown are the worst 


case values, thus for a normal (i.e. not extended) cycle; 


- data read from memory should be valid not later than 800nS after the O 
to 1 transition of E, and not later than 1100nS after the R/W line has 
settled into the '1' (read) state. 


- during a write cycle, the address iines are stabie for at least 1300п5 
before the 'i' to '0' transition of E, and the data from the CPU board 
is valid for at least 1000nS before the '1' to 'O' transition of E, апа 


for at jeast 150nS afterwards. 


Spare Data Register Outputs RO - R7 


These are brought out to the board edge connector for use as the constructor 
sees fit. For example, a two digit hexadecimal display using 7 segment 
LED displays may be added as shown below; 


7 SEGMENT COMMON 
CATHODE LED DISPLAY 
FND5SOO 


1 
R7 RO RS RS R3 R2 RI RỌ 
Alternatively, these outputs could be used to drive relays (model train 
control), a ioudspeaker ('music' generation), a digital to analogue 


converter (waveform synthesis) or in whatever way the user wishes. 
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Chapter 7. User Group 


77-68 is a "live" project. It is a small start to a large system (by 
microcomputer standards). Designs for other boards will be made. Some 
by the ''Bear'" and some no doubt by users. News of all the latest 
developments and available software will be held by the User group 

and circulated by the quarterly newsletter. Contained in the newsletter 
will be a register of all the names and addresses of users, this is to 
enable a free discussion between constructors as to the merits and 
deficiences of the system. 


The purchase of this book plus registration gives the individual a year's 
free subscription to the user group. 


Іс is hoped that this ''back-up'' support will encourage those 
individuals with a non-technical background to take the plunge ......... 
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FIG. 77 68 BLOCK DIAGRAM 
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DATA 


ADDRESS 


EXTERNAL BUSSES 


| 
i 


VP 


jaro c enu nS Pe ege 
Е | 
TS а ври COD ыды a 
іа cc cp ү-н ыр 


= NORMAL MPU CYCLE— — »J— — —— EXTENDED CYCLE — 77 — 
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FIG.2 MPU CLOCK WAVEFORMS 
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DATA FROM MEM DATA FROM MPU 
READ —— --------- WRITE 


FIG. 3 IMPORTANT BUS TIMINGS FOR EXTERNAL MEMORY 
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77-68 CPU BOARD - VIEWED FROM COMPONENT SIDE 


Showing positions of components and straps. 

Join АО - - A7 to AO - - А7, and a,b,c etc. to a,b,c (8 way ribbon 
cable makes a neat job; use solid cored type such as Doram 10 way 
miniature cable No 357-591) 


Note: all iC's are the same way round, all straps are parallel to 
board edges. 


FiG.4 CPU BOARD - LAYOUT OF MAJOR COMPONENTS 
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>54 


27 o—L—» A9 


“ADDRESS ' 
SWITCHES 


АЗ 
А14 
А15 


TRACK SIDE 
OF BOARD SIDE OF 
BOARD 


REAR VIEW 


ADDRESS BUS ж 


+5\ 


СОМРОМЕМТ 


МІ5С TIMING & BUS CONTROL 


SIGNALS X 


DATA BUS * 


SPARE O/P OF DATA REG Ж 


* 
NO WIRING REQUIRED TO DATA 
BUS, ADDRESS BUS, SPARE 0/P 
OF DATA REG; MISC TIMING 
AND BUS CONTROL SIGNALS 
IN BASIC 77 68 SYSTEM 


NOTE; DATA AND ADDRESS 


SWITCHES ; 
OPEN CIRCUITZ'4* 
CLOSED =*0’ 


Р1С.5 77-68 CPU BOARD CONNECTOR WIRING 


TO ХІЗ (6600) 


DATA BUS | 


TO ХІЗ (6800) 


DATA BUS 


FIG.6 OPTIONAL BUFFERS DM8ILS97 
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AMP RECTIFIERS LM323K 
4 F ЕВ 


2-2А 
LIVE 


NEUTRAL 


OR 


j 


APPROX 


| 


243055 
ON H/S 


+ РИУ 
p 


CROWBAR 


TRANSFORMER/RECTIFIER REGULATOR 


FIG.7 POWER SUPPLY 
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---Ж<- FOLD 


ШЕ 


i P 


FITTING WIRE LINKS 


The easiest way is to measure sieeving to length, slide on to length of 
22 SWG. wire leaving /2” bare wire either end, bend and insert. 


FIG.8 NOTES ON THE PC.B. WIRING 8 WAY RIBBON CABLE 
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77-68 Component Distribution 


Logic 

x1 7405 X13 6800 

X2 7495 X14 7400 

X3 7410 X15 811597 

xh 7500 Xi6 811597 

X5 7428 or 7502* — X17 2112 ) any type 

X6 7428 or 7402* | X18 2112 ) 5 speed 

X7 7430 X19 7402 

x8 74157 X20 741575 

X9 74157 x21 760575 

X10 7475 x22 74125 

ХІІ 7432 X23 75125 

X12 7432 X24 7400 
Resistors (all 5 Watt) 

RI 430 R20 4.7K 

R2 430 R21 4. 7K 

R3 430 R22 4. 7K 

R4 430 R23 4.7K 

R5 4.7K R24 4.7K 

R6 4.7K R25 4.7K 

R7 4.7K R26 4.7K 

88 4.7K R27 4.7K 

R9 4.7K R28 4.7K 

R10 4. 7K 829 4. 7K 

RI! 4.7K R30 1. 7K 

812 4.7K R31 270 

R13 430 R32 430 ) 

R14 430 R33 430 ) 

R15 220 ог |K* R34 430 ) 

R16 220 or l R35 430 ) not mounted on 

#17 22 R36 430 ) -p.c.b. 

R18 22 R37 430 ) 

RIS 4.7K R38 430 ) 

R39 430 ) 

Capacitors 

сі 0. lug C8 O. luf 

C2 БЕСИ c9 0. luf 

03 33uF C10 33uF 

C4 0.luF Cil 0.luF 

C5 0.iuF (12 33pF 

c6 O. uf Я 

C7 O. 1uF or similar small electrolytics 
LED's 9 off Crystal 5 MHz 
Switches 

51 Single pole n.o. push 52,54-511 Single pole on/off 

S3 Single pole c.o. push toggle 
Power Suppiy 


+5V at 1 Amp. See separate diagram. 


* optica 


Table 2 


77-68 Components List 


Logic 
3 off 7400 Xx, x14, 24 1 off 7495 x2 
l off 7502 X19 2 off 74125 X22, X23 
1 off 7404 х1 2 off 75157 x8, x9 
l off 7410 X3 *2 off 811597 X15, X16 
2 off 7428 X5, X6 2 off 2112 X17, X18 
1 off 7530 x7 1 off 6800 X13 
2 off 7532 Ali, ЖІ 
1 off 787% X10 
2 off 714575 X20, Х21 * optional buffers 
Resistors Capacitors 
20 off 4. 7k ум 3 off 33uF 6.3V tant 
*2 off ік iw 8 off О.ЉЦЕ ceramic 
14 off 430 iw ! off 33pF 
1 off 270 iw 
2 off 220 ум 
2 off 22 iw 
L.E.D.'s 9 off Switches 
17 subminiature toggle switches 
tal 5 Mhz single pole 2 way 53-19 
Crystal | push single pole n.o. Si 
| push single pole c.o. 52 
* option 
Low profile sockets 2 off 16 pin 


| off 40 pin 
3 feet 22 s.w.g. wire and sleeving 
| foot 8 way ribbon cable 
Printed Circuit Board 


Edge Connector, 77 way + polarising key 0.1'' single sided. 
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BOOLEAN/ARITIMETIC OPERATION CORD. CODE REG 


(AH гере пође. Ел 
MNEMONIC г. менна: o [MI А 
AUDA AGM SA ] 1» 1 
ADDR bem ok ile i 
АБА ABCA ile 1 
AUCA 42 1 A це ti 
Awe E*MICCR М H 
ма ANDA АМА B . 
АМОВ [III ele О 
ви Тем Біл A'M ele . 
sne em ele • 
См сін 00 -м ele к | 
СІЛА 00 -А ++ ® 
сіяв 00-8 ЫЫ в 
Compare СМРА А-м ЫЫ : 
cure т-м ole 
[PT ch А-8 өле 
Comgdemest, Vs ‚сом LELI ee 
coma А-А МЫ 
come 8-8 219 
Сенен, 7% NEG oo W ЫЫ 
С] NEGA 00. А-А ele 
NEGE 09-8 -8 ee 
Decima? Adu. A ОАА Coments Binary Add of BCO Characters | є|е 
into BED Format | 
ГЕ "с мотем hele 
DECA А-1--А ј је 
orce 8-1-8 МЫ 
[TII БОБА AOMA ele 
t воле вомов ele 
СЕ INC [EE ole і 
ICA ASTA МЫ | 
св 6 ele 
Load Au LDAA MoA eje 
1h м-в eje 1 
[d ORAA ACMA ele | 
ORAS Bem 8 HL | 
Push flota PSMA А Msp. SP 1 87 МЫ 
PSHE Б--Шер.5Р 1 85 ele i 
Pul is PULA SPs Sr. Msp -А eje | 
тик SP +1 8. Мур -8 . 
Коле Lett ROL 3 peee 
ROLA Apt-O — D 
ROLE 8 ©. м 
Rotate ist ROR d — 
RORA a} Со = Gui 
RORE 8 с ы 7 ьо 
Shalt Leth, Агнес ASt :} - 
ASLA ^ о -- аыыс-6 
ASLÉ 8 сы 
Shatt Rot, Ata ASR м = 
ASHA a Саптап -D 
ASRB [] ы 
Shiti Види Lage m 3 = 
15 ^ 9—CLELIIID — о 
m & 2 ө с 
Store Асан S A -M 
EI вом 
St БИРА А MCA 
sues в. и.в 
SU Aru SEA A B-A 
Subir кезік Cony УМА A €" C-A 
sece в.м c-e 
Шам.» Асеке Tas Асе 
TBA BAA 
Тен, Zen or Menus та M - 00 
ТУЛА A 00 
1518 Е -00 
LEGEND CONDITION CODE SYMBOLS: 
or Oper stone Code e + Бешеә lache OR: 
~ Number ef MPU уні €) Boolean Cachouve OR, . „ nat сыну kom dit 3; 
TOO Numbri uf Prequam Bytes. М Сомма of M; 1 
. б Branta into. н 
- o d ee. LE 
Е 00 Вие 7. № Омен, 2 complement. 
Моро Uns tenis at U кок інен Ce ta іе Slack Poster, с Canty trom tet T 
„ Roe Ано 
Note Мелия d mode мем t aee ni ит the coh Tor ПОРТ О addresuog 5 A 
- H Test ard srt f trun, cleaned ethers 
. 
А = : 
Table 3 6800 Instruction Set (i) 


ET à; 


POINTER OPERATIONS 


Compare Index Reg 
Decremen! Index Reg 
Decrement Stack Patr 
Increment Index Reg 

Increment Stack Рам 

Load Index Reg 

Load Steck Pow 

Store Index Reg 

Store Stack Patr 

Indx Reg - Stack Рам 
Stack Pntr — Indx Reg 


OPERATIONS 


Branch Always 

Branch It Carry Clear 
Brauch If Carry Set 
Branch if = Zero 

Branch it > Zero 

Branch If > Zero 
Branch If Higher 

Branch If < Zero 

Branch М Lower Or Same 
Branch if < Zero 

Branch И Minus 

Branch it Not Equal Zero 
Branch If Overflow Clear 
Branch М Overflow Set 
Branch if Plus 

Branch To Subroutine 
Jump 

Jump To Subroutine 

No Operation 

Return From Interrupt 
Return From Subroutine 
Software Interrupt 

Wait for interrupt 


ОСИМ э AME н UPENDA NIUN LURU, GUUEC б 


ss 


| 
oex | PE 41 х-1-х 
oes | || | жат 5Р-1-5ғ 
INX | 1 х+1-+х 
| ! 1 5Р%1-5Р 


Х-1-5Р 
S Ax 


MNEMONIC 


c 21 

2*1 
N@v<0 
2 
C270 

2+. МОМ-т 
C 221 
N@v=1 
N=1 

2*0 

veo 

vel 

Neo 


00 od» hob od om d ва вв 
NNN NN NR МӘ МӘ NERNEY 


See Special Operations 


Advances Prog. Catr. Only 


CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 


COND. CODE REG. 


OPERATIONS 
| Clear Corey 


Clear Interrupt Mask | 
| Сем Overtiow | civ 
і ‘Set Саму | БЕС 
| Set interrupt Mask | s 
| Set Overtiow SEV 
| Асти А * ССА | _ TAP 
|_ССВ--Асти | ТРА 


CONDITION CODE REGISTER NOTES: 


(Bit set И test is true and cleared otherwise) 


1 (Ви М) Test. Result = 100000007 
2 {би С) Тез Result 000000007 
3 (Ви С) Test Decimal value of most significant В СО Character greater than nine? (Not cleared if previously set.) 
4 (Ви V) Fest Operand 10000000 prior то execution? 
5 (Ви V) Test Operand = 01111111 prior to execution? 
5 (Et V) Test Set equal го result of МОС after shift has occurred. 
1 (ви №) Test: Sign bit of most significan: MS) byte = 17 
8 {Ви М) Tes 2/s compleiment оу ом trom subtraction of MS bytes? 
9 {би № Test. Result less than zero? (Bit 15 = 1) 
ю iA Load Conaitic.. Cade Regester from Stack, (See Special Operations) 
и (Biti) — Set when interrupt occurs. И previously set, а Non-Maskable laterrupt is required to exit the wait state. 
12 (АД Set according ts me contents of Accumulator А 
Table 3 6800 Instruction Set 


A1 


Mo Xu. (Me XL 
M -SPH (М + 1) * SPL 
Xy — M, Xi сім'ї) 
$Рн "М. SPL-* (М + 1) 


IMMED | DIRECT | INDEX EXTNO | IMPLIED | 
MNEMONIC | OP | ~ | [— [= оғ ~ | # | 8001ЕАН/АВ!ТНМЕТ!С OPERATION 
[есу 4 3 Xy- М. Xq (М +1) 
ы 


) 


ееееееееесеееееееео 


| 


мо OO ~ бул о ~ 


Address switches 


Address Bus 


Table 4 


3 RESET 


02 Data Bus 


05 Data LED's 
Dh & 

p4 | Spare Data 
53 Reg Outputs 


D4 Data Switches 


02 
"RUN' LED 


To Control 
LOAD Switches 
HALT 


77-68 pin assignment - edge connector 


Appendix 1 
Binary, Decimal and Hexadecimal Notations 


Although the 77-68, iike most other computers, actually handles information 
in binary form, humans have great difficulty in remembering long strings 
of 'i's and 'O's. However, by taking groups of 4 binary bits and 
expressing each group in 'hexadecimal' (base 16) format, we can write 


binary patterns in a more readable form. 


8inary Hexadecimal 
MSB 158 representation 
00 00 9 
00 1 1 
00 10 2 
on 13 3 
ді 00 4 
0.1 91 5 5 
01 10 6 
ov T$ 7 
10 00 8 
10 91 9 
10 10 A 
190 11 B 
11 00 C 
bi 91 D 
үт 10 E 
Ж СОЙ a F 
Notes; М58 = most significant of 4 binary bits 
LSB = least significant 


Thus each 8 bit word can be expressed as two hexadecimal characters; 


Binary (e.g. inf as stored in computer or set on data : 10100011 
switch reg or displayed) 
Hexadecimal (as written for numan use) : A 3 
And a 16 bit address as four nex 1 
0110039501 1010 


o 


43 


Generally the information contained in an eight bit word is considered 
to be a positive (unsigned) integer in the range 0 to 255 (decimal). 
(In practice the information may instead be an ASCII coded character, or 
two BCD digits, or whatever else the user decides - but ignore these 
possibilities for the moment). Then each binary bit in the word has a 
particular value; BO (least significant) = 1, ВІ = 2, 82 = 4 - - - 87 
(most significant) = 128. Thus for example; 

10000011 = 128+ 2 +1 = 131 (decimal) 


However, this binary word would be written in hexadecimal as '83'. 


Conversion between hexadecimal representations and their decimal equivalents 


may be done by reference to the following table; 


Hex Character Equivalent decimal 
(Hex char on left) (Нех char on right) 


0 0 0 
1 16 1 
2 32 2 
3 48 3 
4 64 4 
5 80 5 
6 96 6 
7 112 7 
8 128 8 
9 144 9 
A 160 10 
B 176 11 
с 192 12 
D 208 13 
E 224 14 
F 240 15 


Thus Hex '83' = decimal 128 + 3 = 131 


Note again that this conversion table applies only to unsigned positive 


integers stored in natural binary form. 
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